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Summary
Background:  Paralysis  of  the  lateral  and/or  anterior  leg  muscles  can  lead  to  relapse  of  treated
talipes equinovarus.
Hypothesis:  The  muscle  function  impairment  is  due  to  isolated  permanent  paralysis,  and  early
palliative  tendon  transfer  may  prevent  recurrence  of  the  deformity.
Material  and  methods:  Forty-two  cases  of  congenital  talipes  equinovarus  that  recurred  after
conservative  therapy  were  reviewed  after  a  mean  follow-up  of  10  years.  In  39  cases,  second-line
surgery was  performed  (posteromedial  release,  n  =  33;  and  muscle  transfer,  n  =  26).  Outcomes
were evaluated  clinically.
Results:  Separating  the  cases  into  two  groups,  based  on  whether  muscle  transfer  was  per-
formed, showed  a  statistically  signiﬁcant  difference:  muscle  transfer  intended  to  restore
eversion  and/or  dorsal  ﬂexion  of  the  foot  was  associated  with  signiﬁcantly  better  functional
outcomes.
Discussion:  In  addition  to  providing  etiological  insights,  the  identiﬁcation  of  paralysis  in  patients
with talipes  equinovarus  can  inﬂuence  treatment  decisions,  depending  on  the  nature  of  the
muscle deﬁciencies,  with  the  goal  of  preventing  recurrences.  Early  muscle  transfer  to  restore
eversion and/or  dorsal  ﬂexion  of  the  foot  may  provide  the  best  functional  outcomes  by  mini-
mizing the  need  for  soft-tissue  release.
Level  of  evidence:  IV,  retrospective  multicentre  study.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author. Tel.: +33 26 29 05 490;
ax: +33 26 29 05 498.
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estoration  of  muscle  function  responsible  for  eversion  and
orsal  ﬂexion  of  the  foot  is  a  crucial  step  in  the  course
f  treated  congenital  talipes  equinovarus  (CTEV).  This  step
annot  be  achieved  in  patients  with  permanent  paralysis
f  the  anterior  and/or  lateral  leg  muscles,  who  usually
served.
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Table  1  Results  of  the  electrophysiological  studies  done  in
26 cases.
Findings
Anterior  horn  involvement  11
Axonal degeneration  6
Common  ﬁbular  nerve  injury  2
Muscle wasting  in  the  anterior  and  lateral  leg 2
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mParalytic  congenital  talipes  equinovarus  of  unknown  origin:  
experience  a  recurrence  of  the  deformities  in  the  absence
of  timely  palliative  tendon  transfer  surgery.  The  potential
relevance  of  paralysis  in  CTEV  is  not  speciﬁcally  addressed
in  the  medical  literature,  and  neither  is  it  mentioned  in  any
of  the  textbooks  focusing  on  CTEV,  such  as  those  by  Turco
[1],  Simons  [2],  and  Ponseti  [3].
To  evaluate  the  impact  of  leg  muscle  paralysis  in  CTEV,  we
conducted  a  retrospective  multicentre  study  of  42  cases.  In
addition  to  providing  etiological  insights,  the  identiﬁcation
of  paralysis  in  patients  with  CTEV  can  inﬂuence  treatment
decisions,  depending  on  the  nature  of  the  muscle  deﬁcien-
cies,  with  the  goal  of  preventing  recurrences.
Material and methods
Inclusion  criteria
We  retrospectively  reviewed  cases  of  CTEV  with  isolated
permanent  paralysis  in  the  same  leg  and  a  recurrence  of
the  deformity  after  conservative  treatment.  All  patients
meeting  these  criteria  and  managed  between  September
1979  and  May  2005  were  included.  Conservative  treatment
for  CTEV  was  started  at  birth.  The  patients  were  managed
at  one  of  three  centres  in  France  (Saint-Vincent-de-Paul
Teaching  Hospital,  Paris;  Teaching  Hospital,  Toulouse;  and
Regional  Hospital,  Saint-Denis,  Reunion),  either  from  the
outset  or  after  referral  from  another  centre.
Study  patients
We  identiﬁed  42  cases  of  CTEV  meeting  our  inclusion  crite-
ria,  in  30  patients,  15  girls  and  15  boys.  The  left  foot  was
involved  in  11  patients,  the  right  foot  in  seven,  and  both
feet  in  12.  Concomitant  abnormalities  that  were  apparently
unrelated  to  the  foot  deformity  were  noted  in  seven  patients
(Hirschsprung’s  disease,  n  =  2;  esophageal  atresia  and  tarsal
synostosis,  n  =  1;  microcephaly,  n  =  1;  phocomelia  of  the  con-
tralateral  lower  limb,  n  =  1;  and  double  major  curve  scoliosis
with  onset  in  adolescence,  n  =  2).
The  motor  impairment  was  usually  suspected  during
the  ﬁrst  visit  (Figs.  1  and  2)  but  was  conﬁrmed  only
after  18  months  of  age.  The  anterior  leg  compartment  was
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Figures  1  and  2  Clinical  appearance  of  congcompartments
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nvolved  in  ten  cases,  the  lateral  leg  compartment  in  seven,
nd  both  compartments  in  25.
One  or  two  electrophysiological  studies  were  obtained
n  26  cases.  As  shown  in  Table  1,  anterior  horn  involvement
as  the  most  prevalent  abnormality.  Axonal  degeneration
as  noted  in  six  cases  and  an  absent  electromyogram  trace
n  one  case.  Findings  were  normal  in  ﬁve  cases.  Anatomical
bnormalities  were  noted  during  surgery  in  eight  feet  in  ﬁve
atients:  they  consisted  in  anterior  leg  muscle  hypoplasia  in
ve  cases  and  common  ﬁbular  nerve  agenesis  in  three  cases.
The  outcomes  varied  with  the  type  of  initial  conservative
reatment.  When  the  Ponseti  method  was  used  (seven  feet
n  ﬁve  patients),  the  outcome  was  favourable  initially,  with
 ﬂexible  foot  and  more  than  15◦ of  dorsal  ﬂexion.  However,
ecurrent  deformities  developed  gradually  in  all  seven  cases
hen  use  of  the  splints  was  decreased.  The  remaining  cases
35  feet  in  25  patients)  were  managed  using  the  French  func-
ional  method;  the  deformities  were  only  partially  corrected
nd  recurrent  deformities  developed  consistently.  Mean  age
t  conﬁrmation  of  these  outcomes  was  18  months  (range,
 months—3  years).
reatment
onservative  treatment  was  used  initially  in  all  42  cases  and
onsisted  in  the  Ponseti  method  [3]  or  the  French  functional
ethod  described  by  Seringe  and  Atia  [4].
The  indication  for  second-line  surgical  treatment  was
bsence  of  muscle  function  recovery  in  the  anterior  and/or
ateral  leg  compartments  after  18  months  of  age,  with
r  without  recurrent  deformities.  Surgery  consisted  in
enital  talipes  equinovarus  with  paralysis.
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Table  2  Surgical  procedures  performed  in  39  cases  of  congenital  talipes  equinovarus  with  paralysis.
Procedure  Number  of  cases  Type  of  transfer  Compartment  involved  Outcome
PMR  only  13  3  ant.  10  AL  Good:  0
Fair:  8
Poor:  5
PMR +  transfer  20  17  tibialis  post.  5  ant.  4  lat.  8  AL  Good:  13
Fair:  1
Poor:  3
2 tibialis  ant.  2  lat.  Good:  1
Fair:  1
1 hemi-triceps 1  ant. Poor:  1
Transfer only 6 3  tibialis  post.  +  FHL 3  AL Very  good:  1
Good:  2
2 tibialis  post.  2  AL  Good:  1
Fair:  1
1 tibialis  ant.  1  lat.  Good:  1
erior; post.: posterior; lat.: lateral; AL: anterolateral.
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Table  3  Type  of  tendon  transfer  performed  according  to
the muscle  compartment  involved.
Compartment  involved  Transfer
Anterior  (n  =  10,  including  1
not treated  surgically)
Tibialis  post.,  n  =  5
Hemi-triceps,  n  =  1
Lateral  (n  =  7)  Tibialis  post.,  n  =  4
Tibialis  ant.,  n  =  3
Anterior  and  lateral  (n  =  25,
including  2  not  treated
Tibialis  post.,  n  =  10
Tibialis  post.+FHL,  n  =  3
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•PMR: posteromedial release; FHL: ﬂexor hallucis longus; ant.: ant
osteromedial  release  with  or  without  palliative  muscle  and
endon  transfer  or,  in  a  minority  of  cases,  in  isolated  tendon
ransfer.
The  muscle  transfer  techniques  used  in  our  study  cases
ere  as  follows:
 lateral  transfer  of  the  tibialis  anterior  muscle  (n  =  3);
 transfer  of  the  tibialis  posterior  muscle  as  described  by
Watkins  [5]  (n  =  22  cases);
 transfer  of  the  ﬂexor  hallucis  longus  muscle  (n  =  3),  which
was  preferred  over  transfer  of  the  ﬂexor  digitorum  com-
munis  muscle  to  avoid  the  development  of  a  dorsal
bunion;  ﬂexor  hallucis  longus  muscle  transfer  was  always
performed  in  combination  with  tibialis  posterior  muscle
transfer,  and  the  two  re-implantation  sites  could  be  dif-
ferent  depending  on  the  desired  lever  arm;
 hemi-triceps  surae  muscle  transfer  to  the  dorsum  of  the
foot  (n  =  1).
Secondary  surgery  was  performed  in  39  of  the  42  cases
Table  2).  Posteromedial  release  was  performed  in  33  cases
and  was  the  only  procedure  in  13  cases)  and  muscle  transfer
n  26  cases  (tibialis  posterior  in  22  cases,  including  three  with
oncomitant  ﬂexor  hallucis  longus  transfer;  tibialis  ante-
ior  in  three  cases;  and  hemi-triceps  surae  in  one  case)
Table  3).  Muscle  transfer  was  the  only  procedure  in  six
ases,  at  a  mean  age  of  4  years  (range,  18  months—7  years);
nd  was  combined  with  posteromedial  release  in  20  cases,  at
 mean  age  of  2  years  (range,  7  months—3  years).  Mean  age
t  performance  of  isolated  posteromedial  release  (n  =  13)
as  34  months  (range,  5  months—8  years).
valuation  methods
he  Dimeglio  score  was  determined  to  evaluate  the  severity
f  CTEV,  and  concomitant  birth  defects  were  looked  for.
nalytical  muscle  strength  testing  was  performed  routinely
efore  surgery  and  at  last  follow-up.  In  patients  with
nilateral  CTEV,  calf  diameter  was  compared  between  the
(
tsurgically)
FHL: ﬂexor hallucis longus; ant.: anterior; post.: posterior.
wo  sides.  An  electrophysiological  study  was  performed
hen  technically  feasible.  Imaging  studies  have  not  been
roven  useful  in  CTEV  and  were  not  performed  in  the  study
atients.
Outcomes  were  classiﬁed  into  four  categories  depending
n  muscle  function  and  residual  anatomical  defects:
 very  good  outcome,  normal  foot  function  with  leg  mus-
cle  wasting  and  mild  residual  defects  that  did  not  create
difﬁculties  for  walking  or  procuring  footwear;
 good  outcome,  restored  foot  function  (eversion  and  at
least  15◦ of  dorsal  ﬂexion)  with  a  residual  morphological
abnormality  measurable  with  the  foot  in  plantigrade  posi-
tion  (metatarsus  adductus,  inadequate  derotation  of  the
calcaneotarsal  unit,  calcaneal  varus);
 fair  outcome,  absent  eversion  and  dorsal  ﬂexion  with
the  foot  in  plantigrade  position,  with  or  without  residual
defects;
 and  poor  result,  inability  to  place  the  foot  in  plantigrade
position  or  recurrence.These  four  outcomes  were  scored  from  1  (poor)  to  4
very  good)  in  the  groups  managed  with  and  without  muscle
ransfer.  These  two  groups  were  then  compared  using  the
Paralytic  congenital  talipes  equinovarus  of  unknown  origin:  A  ne
Table  4  Postoperative  outcomes  in  the  groups  managed
with and  without  muscle  transfer.
Outcome  Muscle  transfer
Yes  No
Very  good 1  0
Good 18 0
Fair 3 8
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Total 26 13
non-parametric  Mann-Whitney  test  —– use  of  a  nonparame-
tric  test  suggests  the  data  were  not  normally  distributed:
therefore,  shouldn’t  the  data  reported  as  means  ±  SEM  be
reported  as  medians  (IQR)?
Results
Mean  follow-up  was  10  years  (range,  3—35  years).  None  of
the  patients  was  lost  to  follow-up.  No  secondary  overcor-
rection  or  other  notable  complications  were  recorded.  The
CTEV  severity  grade  according  to  Dimeglio  was  II  in  15  cases,
III  in  12  cases,  and  IV  in  11  cases;  the  score  could  not  be
determined  in  the  remaining  four  cases  in  three  children
who  were  referred  secondarily  to  the  study  centres.  The
mean  calf  circumference  difference  at  the  time  of  surgery
in  the  18  patients  with  unilateral  CTEV  was  4  mm  (range,
2—9  mm).
At last  follow-up,  the  outcome  was  very  good  in  one
case,  good  in  18  cases,  fair  in  11  cases,  and  poor  in  nine
cases.  Fair  outcomes  were  noted  in  all  three  cases  man-
aged  without  surgery.  However,  a  normal  foot  was  not
obtained  in  any  of  the  cases,  because  the  treatments  merely
palliated  the  deﬁciencies.  Sample  sizes  in  the  Dimeglio
score  subgroups  were  too  small  for  a  meaningful  statistical
analysis.
We  analysed  the  outcomes  according  to  whether  muscle
transfer  was  performed  to  restore  eversion  and/or  dor-
sal  ﬂexion  of  the  foot.  A  statistically  signiﬁcant  difference
was  found  between  these  two  groups  (P  <  0.001)  (Table  4):
muscle  transfer  was  clearly  associated  with  better  func-
tional  outcomes.  Muscle  transfer  was  performed  at  the
time  the  paralysis  was  diagnosed  (18  months  of  age)  in  six
cases  (four  patients),  none  of  which  required  posterome-
dial  release.  In  these  six  cases,  the  foot  was  still  ﬂexible
when  muscle  transfer  was  performed.  In  three  of  these
six  cases,  combined  tibialis  posterior  and  ﬂexor  digitorum
longus  transfer  was  performed;  the  outcome  was  very  good
in  one  case  and  good  with  persistent  forefoot  adduction
in  two  cases.  Isolated  transplantation  of  the  tibialis  pos-
terior  tendon  as  described  by  Watkins  [5]  was  performed
twice,  with  one  good  and  one  fair  outcome.  In  the  last
case,  the  outcome  was  good  after  isolated  tibialis  anterior
transfer.
In  the  remaining  20  cases  managed  with  muscle  transfer,
posteromedial  release  was  required  also.  In  eight  cases  with
paralysis  of  both  the  anterior  and  lateral  compartments,  the
tibialis  posterior  muscle  was  transferred;  the  outcome  was
good  in  ﬁve  cases,  fair  in  one  case,  and  poor  in  two  cases.  Of
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he  six  cases  with  paralysis  of  the  lateral  compartment  only,
wo  were  managed  by  tibialis  anterior  transfer  (one  good
utcome  and  one  fair  outcome)  and  four  with  tibialis  pos-
erior  transfer  (four  good  outcomes).  In  six  cases,  paralysis
as  conﬁned  to  the  anterior  compartment;  tibialis  poste-
ior  transfer,  performed  in  ﬁve  of  these  cases,  produced
our  good  outcomes  and  1  poor  outcome;  the  remaining  case
as  managed  with  hemi-triceps  transfer  (Spitzy  procedure),
hich  produced  a  poor  outcome.  Muscle  transfer  was  not
erformed  in  the  two  patients  with  common  ﬁbular  nerve
genesis,  both  of  whom  had  fair  outcomes.
iscussion
his  study  focuses  on  a  speciﬁc  abnormality  that  can  occur
oncomitantly  with  CTEV  and  consistently  causes  the  defor-
ity  to  recur,  namely,  isolated  permanent  paralysis  of  the
uscles  responsible  for  foot  eversion  and/or  dorsal  ﬂexion.
ur  series  of  42  cases  is  retrospective,  as  well  as  heteroge-
eous,  given  the  multicentre  design.  Nevertheless,  our  data
aise  important  issues  regarding  the  etiology  and  manage-
ent  of  CTEV.
Whether  neurological  abnormalities  may  explain  some
ases  of  CTEV,  designated  ‘‘idiopathic  CTEV’’,  remains
ebated.  Ahmed  et  al.  found  that  the  subtalar  joint  syn-
vium  exhibited  a  signiﬁcant  deﬁciency  in  sensory  and
ature  nerve  ﬁbres  (ranging  from  28%  to  52%  depending
n  the  type  of  neurotransmitter  involved)  [6].  Routine
lectrophysiological  studies  do  not  seem  to  beneﬁt  the
anagement  of  patients  with  idiopathic  CTEV  [7].  In  our
tudy,  the  electrophysiological  ﬁndings  failed  to  predict  the
utcome.  In  addition,  electrophysiological  studies  are  dif-
cult  to  perform  and  to  interpret  in  neonates,  and  they
ontribute  to  the  diagnosis  only  when  performed  in  spe-
ialized  centres  [8].  Normal  ﬁndings  may  merely  constitute
vidence  of  the  technical  difﬁculties  raised  by  electrophys-
ological  studies.  Among  differential  diagnoses,  stretching
f  the  common  ﬁbular  nerve  related  to  breech  presenta-
ion  is  usually  followed  by  a  full  recovery  within  6  weeks
9].  Herceg  et  al.  [10]  suggested  that  idiopathic  CTEV  might
e  related  to  muscular  abnormalities,  a  hypothesis  that
onverges  with  that  of  a  neurological  abnormality,  since
uscles  and  nervous  structures  develop  interdependently.
n  a  study  of  fetal  cadavers  obtained  by  premature  termi-
ation  of  pregnancy  for  high-level  myelomeningocele,  leg
uscle  ﬁbrosis  due  to  denervation  was  5%  to  30%  more
arked  in  the  group  with  CTEV  than  in  the  group  without
TEV,  and  the  peroneus  longus  muscle  was  more  severely
nvolved  than  the  gastrocnemius  muscle  [11]. These  data
uggest  that  CTEV  may  be  related  to  a  neurological  abnor-
ality  that  results  in  a  muscle  imbalance.  However,  muscle
ypoplasia  or  agenesis  was  found  by  surgical  exploration  in
 of  our  cases.  Muscle  hypoplasia  or  agenesis  may  constitute
 primary  birth  defect  or  occur  as  the  result  of  a  vascu-
ar  abnormality.  Hootnick  et  al.  and  Sodre  et  al.  reported
rterial  abnormalities  in  80%  of  cases  of  CTEV,  with  pre-
ominant  involvement  of  the  anterior  tibial  artery  [12,13]. magnetic  resonance—angiography  study  produced  simi-
ar  ﬁndings  [14]. Thus,  there  may  be  a  subtle  difference
etween  CTEV  due  to  developmental  defects  of  the  bones,
uscles,  and  ligaments  and  CTEV  due  to  muscle  function
5i
a
f
l
b
d
t
c
n
t
c
[
t
o
m
a
C
c
r
d
c
p
i
t
o
c
s
t
c
d
i
f
w
o
I
d
s
t
a
a
t
m
e
t
i
r
w
m
n
t
w
t
p
i
t
t
b
i
t
C
C
r
t
s
a
t
t
a
b
D
T
c
A
W
R
[
[
[
[
nique. J Pediatr Orthop 1990;10:101—4.
[14] Merrill LJ, Gurnett CA, Siegel M, Sonavane S, Dobbs MB. Vascu-74  
mpairment  of  intrauterine  onset  with  subsequent  stiffness
nd  underdevelopment  resulting  in  more  or  less  complete
orms  of  clubfoot.  Currently  available  data  fail  to  shed  any
ight  on  the  possible  relevance  to  CTEV  of  the  concomitant
irth  defects  recorded  in  our  patients  (e.g.,  Hirschsprung’s
isease  and  oesophageal  atresia).
Some  of  our  patients  exhibited  features  that  were  dis-
urbingly  similar  to  those  seen  in  arthrogryposis  multiplex
ongenita,  such  as  anterior  horn  alterations,  peripheral
erve  abnormalities,  and  muscle  dystrophy  [15]. Fur-
hermore,  clubfoot  associated  with  arthrogryposis  usually
arries  a  high  recurrence  rate  (73%  according  to  Niki  et  al.
16]). Hyam  et  al.  [17]  previously  pointed  out  the  similari-
ies  between  idiopathic  CTEV  and  arthrogryposis.  Over  80%
f  patients  with  arthrogryposis  have  anterior  horn  abnor-
alities  [15,17,18], and  Swart  reported  a  40%  decrease  in
nterior  horn  motor  neurons  in  some  cases  of  idiopathic
TEV  [19].
In  our  study  of  CTEV  with  paralysis,  the  initial  out-
omes  after  conservative  treatment  were  similar  to  those
eported  in  CTEV  with  normal  motor  function.  However,  the
eformity  recurred  consistently.  Anterior  and/or  lateral  leg
ompartment  paralysis  in  patients  with  CTEV  is  not  always
ermanent  and  may  resolve  over  time.  Thus,  the  current  val-
dated  treatment  strategy  consisting  in  initial  conservative
herapy  provides  enough  time  for  spontaneous  resolution  to
ccur.  If  the  paralysis  persists  after  18  months  of  age,  mus-
le  transfer  surgery  is  indicated.  Muscle  transfer  surgery
hould  be  performed  before  the  deformity  recurs,  as  pos-
eromedial  release  is  unnecessary  in  this  situation  (six  of  our
ases).  According  to  Ponseti  [3],  recurrence  of  the  deformity
evelops  within  6  months  after  the  end  of  casting,  i.e.,  dur-
ng  the  early  phase  of  splinting.  The  goal  is  to  achieve  a
unctional  outcome  similar  to  that  seen  in  idiopathic  CTEV
ithout  paralysis,  which  is  considerably  better  in  terms
f  joint  function  when  conservative  therapy  is  sufﬁcient.
n  idiopathic  CTEV,  a  variable  degree  of  eversion  muscle
eﬁciency  has  been  reported  at  birth  [18,20].  This  ﬁnding
uggests  several  hypothesis,  for  instance  that  the  action  of
he  tibialis  anterior  muscle  is  not  appropriately  counter-
cted  by  the  ﬁbular  muscles  and  tends  to  cause  adduction
nd  supination  of  the  foot  [21]. Similarly,  the  tibialis  pos-
erior  muscle  is  not  counteracted  by  the  ﬁbularis  longus
uscle  and  tends  to  invert  the  foot.  These  imbalances  may
xplain  the  recurrence  of  idiopathic  CTEV  after  conservative
reatment  alone.  If  splinting  is  not  continued  until  eversion
s  sufﬁcient  to  counteract  the  antagonist  muscles,  recur-
ence  of  the  deformity  is  inevitable.  When  CTEV  is  combined
ith  permanent  paralysis  of  the  lateral  and/or  anterior  leg
uscles,  muscle  function  does  not  recover,  and  prolonged
octurnal  splinting  is  never  sufﬁcient.  Appropriate  muscle
ransfer  surgery  must  be  performed.
Selection  of  the  type  of  muscle  transfer  depends  on
hether  the  tibialis  anterior  muscle  is  present  and  func-
ional  and  on  whether  the  lateral  compartment  muscles  are
aralysed.  If  the  tibialis  anterior  is  present  and  functional,
t  is  transferred  laterally  over  a  distance  that  depends  on
he  severity  of  the  deformity.  In  patients  who  lack  a  func-
ioning  tibialis  anterior  muscle,  the  tibialis  posterior  should
e  transferred,  if  needed  with  the  ﬂexor  hallucis  longus  to
ncrease  strength,  improve  load  distribution,  and  prevent
he  development  of  a  dorsal  bunion.A.  Roux  et  al.
onclusion
TEV  with  permanent  paralysis  of  the  lateral  and/or  ante-
ior  leg  muscles  is  uncommon  but  not  exceedingly  rare.  The
reatment  differs  substantially  from  that  of  idiopathic  CTEV,
ince  permanent  leg  muscle  impairment  is  often  associ-
ted  with  disappointing  ﬁnal  outcomes.  Initial  conservative
reatment  provides  enough  time  to  allow  for  muscle  func-
ion  recovery  to  occur.  In  patients  with  persistent  paralysis,
ppropriate  muscle  transfer  surgery  should  be  performed
efore  the  deformity  recurs.
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